The purine-2'-deoxyribonucleosidase of Crithidia luciliae catalyses an efficient deoxyribosyl transfer between a variety of purine bases, benzimidazole and 5,6-dimethylbenzimidazole. Since the deoxyriboside of a deoxyribosyl acceptor is necessarily also a substrate, the trans-N-deoxyribosylase activity of the enzyme allows a study of its specificity to be extended to a large number of purines and purine analogues. Amongst 27 different deoxyribosyl acceptors, only hypoxanthine gave rise to isomeric products. The introduction of methyl groups at appropriate positions in either purine or benzimidazole lowered the Michaelis constant, KB, for deoxyribosyl acceptors: by about 10-fold for 6-methylpurine (KB 351 + 87 uM) compared with purine (KB 3.91 +0.8 mM) and by about 103-fold for 5,6-dimethylbenzimidazole (KB 7.0 ± 0.79 /tM) compared with benzimidazole (Km app. 7.8 + 2.4 mM). The maximal rates of deoxyribosyl transfer to different acceptors, on the other hand, varied by only 4.5-fold, and can be ascribed to decreases in the rate of release of the newly formed purine deoxyriboside from the enzyme.
INTRODUCTION
The catabolism of purine deoxyribonucleosides in Leishmania and the closely related Crithidia [1, 2] , protozoal parasites of the order Kinetoplastida, differ substantially from the corresponding process in humans [3] . In man the degradation of purine ribonucleotides and deoxyribonucleotides seems to be catalysed by the same enzymes [4] . The functional importance of these catabolic enzymes became apparent when it was recognized that certain immunological disorders can be attributed to deficiencies of either adenosine deaminase or purine nucleoside phosphorylase. Adenosine deaminase or purine nucleoside phosphorylase deficiency is thought to result in an accumulation of dATP or dGTP respectively, both of which are negative effectors of ribonucleotide reductase. An impairment in the synthesis of deoxyribonucleotides in the optimal proportions necessary for DNA synthesis is, therefore, likely to be an important contributing factor in the development of immunological dysfunction. Leishmania and Crithidia lack adenosine or deoxyadenosine deaminases, but produce adenase which converts adenine into hypoxanthine. The hydrolysis of deoxyguanosine, deoxyadenosine and deoxyinosine is catalysed by a single enzyme, the substrate specificity of which is limited to purine deoxyribonucleosides [5, 6] . Nucleosidases which are specific for purine deoxyribonucleosides have a very limited distribution in Nature [5, 7] , and it is not known whether such enzymes are essential for growth. It is, however, of interest that deoxyadenosine was found to be considerably more inhibitory to the growth of Crithidia fasciculata than was adenosine [8] . It therefore seems possible that inhibition of an enzyme which cleaves all three naturally occurring purine deoxyribonucleosides could have growth-retarding, if not cytocidal, effects. Unfortunately, no specific inhibitors of the purine-2'-deoxyribonucleosidase which could be used to study its physiological relevance are presently available. With this in mind the substrate specificity of the enzyme is of interest. The enzyme from Crithidia luciliae lends itself particularly well to such a study, in that it also catalyses deoxyribosyl transfer between purine bases, an activity previously thought to be present only in the lactobacilli [9] .
Enzymic catalysis of glycosidic bond cleavage is thought to proceed with the formation of an enzyme-bound carboxonium ion of the sugar moiety as a reaction intermediate [10, 11] .
Deoxyribosyl transfer involves a reversal of N-glycosidic bond cleavage, with a different nucleic acid base acting as the deoxyribosyl acceptor. It is most unlikely that the deoxyriboside of a purine base which is an efficient deoxyribosyl acceptor will not also be a substrate. Consequently the deoxyribosyl transferase activity of the purine-2'-deoxyribonucleosidase of C. luciliae allows a study of the substrate specificity of these enzymes to be extended to a large number of purine analogues, most of which are not commercially available as deoxyribonucleosides. Previous reports on the substrate specificity of the purine-2'-deoxyribonucleosidases merely served to establish that the enzyme was specific for purine-2'-deoxyribonucleosides, and only three of these were examined [5, 6] .
EXPERIMENTAL

Materials
Deoxyribonucleosides and purine bases were obtained either from Sigma Chemical Co., St. Louis, MO, U.S.A., or from Fluka Chemie AG, Buchs, Switzerland, and were all chromatographically homogeneous on h.p.l.c.
Growth of C. luciliae and enzyme purification C. luciliae was a gift from the South African Institute for Medical Research. The cultivation of the organism and isolation of purine-2'-deoxyribonucleosidase were as previously described [6] . The Michaelis constant for B, KB, can therefore also in this case be approximated by using high concentrations of deoxyinosine as the deoxyribosyl donor. Two different experimental approaches were used to determine KB for purines which gave rise to significant amounts of deoxyribosides. The first of these entailed separation of the products by h.p.l.c., which allowed an estimation of KB from the integrated peak areas for the deoxyribosides. However, because the necessary purine deoxyribosides were in several cases not available for calibration purposes, the actual reaction rates required for an estimation of Vmax were not determined from the results of such analyses.
Reaction mixtures contained 50 ,umol of Na Hepes, pH 7.8, 1.0 ,umol of deoxyinosine, acceptor purine in the range 22.5-150 /tmol, and 0.035 unit of the enzyme in a final volume of 0.5 ml. The mixtures were incubated for 0, 20 and 40 min and the reaction was then terminated by heating to 100 'C for 5 min. The different time points were required to ascertain that the reaction rate was approximately linear.
The formation ofpurine deoxyribosides was detected by h.p.l.c. using C-18 reversed-phase chromatography. Most of the reaction mixtures could be satisfactorily resolved on a Beckman C- 18 Ultrasphere ODS column (4.6 mm x 250 mm). The 
RESULTS AND DISCUSSION
It was previously found that the rate of deoxyribosyl transfer from deoxyinosine to guanine, catalysed by the purine-2'-deoxyribonucleosidase, converged with the rate of hydrolysis of deoxyinosine at high guanine concentrations [6] , as predicted by eqn. (1) . Similar results were obtained when deoxyribosyl transfer to a relatively poor deoxyribosyl acceptor, benzimidazole (see Table 2 ), was quantified. H.p.l.c. analysis indicated that the yield of benzimidazole deoxyriboside was approx. 88% of the hypoxanthine generated by hydrolysis of deoxyinosine (Fig. 1) .
Interesting similarities between the purine-2'-deoxyribonucleosidase of C. luciliae and the trans-N-deoxyribosylase of L. helveticus are apparent in the utilization of benzimidazoles as substrates [16] and in the isomerization of at least one purine to the 7/3-isomer [6, 17] . Moreover, the molecular masses of the two purine-2'-deoxyribonucleosidases [5, 6] are quite similar to the subunit molecular mass of the trans-N-deoxyribosylase from L.
helveticus [18] .
The broad substrate specificity of the trans-N-deoxyribosylase from Lactobacillus spp. has been amply documented [18] [19] [20] . In the present study, reversed-phase h.p.l.c. was used to screen 27 different purines for the formation of the corresponding deoxyribosides. Compared with the enzymes from the Lactobacilli, the purine-2'-deoxyribonucleosidase from C. luciliae has a narrower specificity for purines as deoxyribosyl acceptors (Table 1) . Compounds with modifications in the imidazole ring, as in allopurinol, aminopurinol, 8-azaguanine and 7-deazaguanine, were inactive as substrates. More substantial modifications of the pyrimidine ring were tolerated better by the trans-N-deoxyribosylase from L. helveticus than by the purine-2'-deoxyribonucleosidase of C. luciliae. Thus a compound with an incomplete pyrimidine ring, such as 4-amino-5-carboxamidoimidazole, or with excessively bulky substituents, such as 6-[nhexylamino]purine, were not utilized by the C. luciliae enzyme, while both these compounds were substrates of the L. helveticus enzyme [16] .
Unfortunately, the assay system for deoxyribosyl transfer lends itself poorly to the determination of the kinetic parameters for various purines, and little quantitative information is available in the literature. It was, however, reported that 5,6-dimethylbenzimidazole is a particularly efficient deoxyribosyl acceptor for the L. helveticus trans-N-deoxyribosylase [16] .
In (6) while V= k3k4
The decrease in the rate of hypoxanthine production as a result of deoxyribosyl transfer to an acceptor purine can, therefore, be ascribed to a slower dissociation of the newly formed purine deoxyriboside from the enzyme than is the case for deoxyribose as a product, since V-VAB > O for k4 > k5.
For the limited range of purines for which both VA. and KB were obtained, decreases in K, which reflect a tighter association of the purine, also resulted in a lowering of VAR, as might be expected. A significant trend apparent from the values given in Table 1 is evident in a lowering of Km app for hypoxanthine, 6-methoxypurine and 6-ethoxypurine upon introduction of the short alkyl chains. This effect of increased hydrophobicity is also apparent in a decrease in the Km,app. of more than 10-fold upon the introduction of a methyl group in the 6-position of purine, and by a factor of about 103 upon introducing two methyl groups at the 5-and 6-positions of benzimidazole. Among the compounds listed in Table 1 , 5,6-dimethylbenzimidazole had the lowest KB.
A similar effect of increased hydrophobicity on the Km app. values was not apparent in the series adenine, 6-methylaminopurine and 6-(dimethylamino)purine. Only trace amounts of a deoxyriboside of 6-(dimethylamino)purine were observed, which suggests that steric hindrance at the 6-position of the purine may be important.
The efficiency of deoxyribosyl transfer catalysed by the enzyme in vitro raises a question concerning the physiological relevance of this reaction. Efficient deoxyribosyl transfer necessarily depends on restricted access of water or phosphate to the active site of a glycosidase. The decreased KB values observed with more hydrophobic substrates could be a mere reflection of this requirement. It is, however, not easy to exclude the possibility that 5,6-dimethylbenzimidazole deoxyriboside or 7,/-deoxyribofuranosylhypoxanthine may be naturally occurring substrates of the purine-2'-deoxyribonucleosidase, since the concentrations of deoxyribosides in Nature are very low. It is of interest to note that hypoxanthine was the only purine which gave rise to Table 2 . Purines tested as deoxyribosyl acceptors, but for which kinetic
